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SEM/EDXAbstract: Two types of factory marked Sintox ammunition were investigated from the compo-
sition of gunshot residue particles (GSR) and occurrence of marking substance points of view. The
experiments were carried out with two cartridges of caliber 9 mm Luger (9 · 19 Parabellum) of two
producers (Ruag Ammotec, Switzerland and Men, Germany). The ﬁrst cartridge (type Action 4,
Ruag Ammotec) contains gadolinium as a marking element, while the other cartridge (type PEP
II, Men) is marked with gallium in gunpowder. Scanning electron microscopy equipped with
EDAX analyzer (SEM/EDX) was used to detect and analyze the GSR particles in samples collected
from the cartridges, barrels and shooter’s hands. Besides those, particles from the hit clothes placed
at different shooting distances were collected and analyzed. The spreading of GSR cloud from the
gun was observed using the high-speed camera. Results obtained clearly revealed that the way of
ammunition production/construction and type of marking of ammunition can signiﬁcantly inﬂu-
ence the presence and detection reliability of marking elements in GSR. The detectability is affected
also by the shooting distance.
ª 2014 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
Recently, increasing demands are imposed on weapons and
ammunition used by the army, police and special units. In this
context, special marked ammunition is introduced to be used
in several European countries. This type of ammunition,
utilization of which is regulated by the respective law, has gen-
erally become preferred due to its better detectability at the
crime scene. Its another beneﬁt for forensic scientists is that
the bullets used in this type of ammunition are of modern con-struction, exhibiting the higher capability of penetration into
the solid materials, together with better ‘‘stop effect’’ of the
human body. All these factors make the marked ammunition
attractive above the others.1,2
From all the possibilities, 9 · 19, 9 mm Luger or 9 mm
Parabellum is the most widely used pistol caliber in Europe
seemed to be the most suitable for police and armed force pur-
poses. There are two main reasons of weapons with the caliber
9 · 19 popularity: they are easy to handle and their range of
utilization is rather wide.
In addition to the standard technical requirements of police
forces on weapons and ammunition, (e.g., powerful but limited
energy transfer to the target, minimal ricochet tendency, high
stopping power and deﬁned penetration depth), environmentalll rights
Figure 1 SEM picture of the gunshot powder of the ammunition
cal. 9 · 19, PEP II (Men, Germany) with the bright particles of
inorganic character (white circle).
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constructed from materials that do not allow secondary con-
tamination of the environment by heavy metal residues during
the shooting.1,2 Due to the last mentioned aspect, non-toxic
Sintox is considered to be the priming technology of choice,
widely used e.g., in NATO-qualiﬁed cartridges.
For forensic and investigative requirements as well as in order
to clearly answer the questions such as: who shot whom, with
which weapon, with which ammunition and from what
distance and direction, some of the ammunition producers offer
the police cartridges with speciﬁcmarkingmaterial. Such ammu-
nition is now introduced in police forces of several European
countries (e.g., Germany, Netherland, Italy, and Switzerland).
In connection with an expected re-armament of the Slovak
police forces, chemical investigation of two types of special
marked ammunition was realized as a part of the project ‘‘The
Centre of Excellence of Security Research’’ at the Institute of
Forensic Science in Bratislava, Slovakia. Scanning electron
microscopy equipped with EDAX analyzer (SEM/EDX) was
used to detect and analyze the gunshot (GSR) particles. Besides
those, particles from the hit clothes placed at different shooting
distances were collected and analyzed. The spreading of GSR
cloud from the gun was observed using the high-speed camera.
The aim of the investigation is to select the most proper
ammunition for its possible future using by Slovak police forces.
2. Experimental
2.1. Materials
Pistols HS-9, cal. 9 · 19, Sintox ammunition with forensic
markers – 9 mm Luger, Action 4 (Ruag Ammotec, Ltd.,
Switzerland) and 9 mm Luger, PEP II (Men, GmbH, Ger-
many), special SEM – stubs for the collection of gunshot resi-
dues particles (Christine Gro¨pl), cotton fabric, paper for
chemography (Foma Bohemia, Ltd.), book-press and PVC
pressure plates were used in the experiments.
2.2. Chemicals
Zincon (C20H15N4NaO6SÆH2O) from Fluka and ammonium
nitrate, ammonium hydroxide, rubeanic acid, and ethanol
(96%), all purchased from Merck were utilized.
2.3. Methods
Gunshot residues were characterized by scanning electron
microscope XL-30 (Philips) equipped with a back-scattering
electron detector, secondary detector and energy – dispersive
X-ray detector (EDAX). The spreading of GSR cloud from
the gun was observed using the high-speed camera Olympus I-
speed II.
GSR analysis was performed using GSR-XT V 3.0 software
(EasternAnalytical, Concord,NewHampshire, UK). The EDX
spectra were evaluated by aGSR Spectral Utility, Version 3.4m,
July 2004 software (Philips) and by EDAX software ‘‘Genesis
Spectrum SEM Quant ZAF, Version 3.6, November 2003’’.3
Determination of ﬁring distances was performed using the
chemographic method. Visualization of copper was performed
by rubeanic acid assay4 and visualization of zinc particles was
performed by zincon reagent assay.52.4. Collection of samples
For both types of ammunition the same pistols, HS-9, cal.
9 · 19 were used. The barrels were cleaned using acetone and
ethanol before each experiment and the control swab was
taken in order to ensure the purity of the barrel.
For the purposes of comparison, the gunshot residues from
the case and barrel were collected on special stubs.
To evaluate the presence of GSR on the shooter’s hands,
the traces after one and ten shootings were collected from each
hand on special SEM-stubs, respectively.6 The results are
expressed as the average of ten shootings.
The presence of GSR from the short (10 cm) and long
distance (25 m)was examined using the cotton fabric. The traces
were collected on SEM-stubs from the surroundings of the
holes. The results are expressed as the average of ten shootings.
3. Results and discussion
3.1. Analysis of primer and gunshot powder composition
GSR analysis of the primer of PEP II ammunition showed that
it consists of titanium and zinc. The presence of any marking
substances was not detected. SEM/EDX record of gunshot
powder of PEP II ammunition and its EDAX spectrum is
depicted in Figs. 1 and 2, respectively. As followed from the
SEM/EDX analysis, bright particles of inorganic nature were
identiﬁed inside the gunshot powder. The detailed EDAX
spectral analysis revealed that the particles contain mainly gal-
lium, copper, tin and potassium (Fig. 2). Thus, it can be par-
tially concluded that in the case of PEP II ammunition, the
presence of marking substance gallium was detected only in
the gunshot powder. On the other hand, EDAX analysis
clearly revealed that the ammunition Action 4 contained zinc,
titanium and gadolinium in the primer (Fig. 3).
Results of chemical composition analysis of gunshot resi-
dues from the cases and barrels of both types of ammunition
are presented in Table 1. The analysis of GSR was performed
manually because of the presence of large number of gunshot
residues on the stubs. It was found that most of the GSR from
the case and barrel of PEP II ammunition contained only
Figure 2 EDAX spectrum of bright particles from the gunshot powder of ammunition cal. 9 · 19, PEP II (Men, Germany).
Figure 3 EDAX spectrum of the primer composition of ammunition cal. 9 · 19, Action 4 (Ruag Ammotec, Switzerland.
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lium. Gallium was detected mostly in combination with copper
and tin.
Most of the GSR particles formed from the Action 4 ammu-
nition contained the combination of titanium, zinc andgadolinium. These particles can easily be detected and
identiﬁed.
The above-presentedﬁndings represent an essential difference
betweenboth the examinedammunitions enablingalso their clear
differentiation of one from the other type of ammunition.
Table 1 Results of GSR analysis.
Ammunition/GSR analysis of 9 mm Luger, PEP II (Men, Germany) 9 mm Luger, Action 4 (Ruag Ammotec, Switzerland)
Case Ti, Zn (Cu) Ti, Zn
Cu, Ga, Zn Ti, Zn, Gd
Ti, Zn, Ga, Cu, Sn (few)
Barrel Ti, Zn (Cu, Sn) (much more) Ti, Zn
Cu, Ga, Zn Ti, Zn, Gd
Shooter’s hand (one shooting) Ti, Zn (Cu, Sn) (positive) Ti, Zn, Gd (very positive)
Cu, Ga, Zn (<5, negative)
Shooter’s hand (ten shootings) Ti, Zn (very positive) Ti, Zn, Gd (very positive)
Cu, Ga (<10, positive)
Ti, Zn, Ga, Cu, Sn (<5, negative)
Short distance (10 cm) Ti, Zn (>20 particles) Ti, Zn, Gd (>20 particles)
Cu, Ga (Sn, Zn) (>20 particles)
Ti, Zn, Ga (about 20 particles)
Long distance (25 m) Ti, Zn (about 20 particles) Ti, Zn, Gd (very positive)
Cu, Ga (Sn, Zn) (<10)
Ti, Zn, Ga, Cu, Sn (<5)
Figure 4 Firing range determination by means of zinc visualization with zincon reagent (PEP II, Men, Germany).
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Table 1 summarizes the results of analysis of GSR particles
found on the shooter’s hands after one and ten shootings. In
most of the crimes committed with ﬁrearms, mainly suicides,
there is only one shoot. Therefore it is important to knowunambiguously whether the shooter can have sufﬁcient
amounts of gunshot residues on his hand enabling his positive
identiﬁcation even after one shooting, or not. Moreover, the
aim of the investigation was also to ﬁnd the sufﬁcient number
of particles with marking substance to achieve the positive
identiﬁcation results. In Slovakia, as well as in several other
Figure 5 Firing range determination by means of copper visualization with rubeanic acid (PEP II, Men, Germany).
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ence of minimum of ﬁve particles with the composition charac-
teristic for GSR on shooters’ hands.
From this point of view, the results for both the investi-
gated ammunitions are noticeably different. After one shoot-
ing with the ammunition PEP II, positive results only for Ti,
Zn GSR particles were found on the shooter’s hand, but none
of the particles contained gallium (Table 1). It should be noted
here again, that as we proved, particles containing gallium
contain mainly Ga, Cu and Zn elements, not the elements from
the primer. Furthermore, dominant intensity in EDAX spectra
of particles containing Ga, Cu and Zn (gunshot of PEP II)
belongs to copper. This fact made the evaluation of the results
from GSR analysis more complicated. To ﬁnd/identify all the
particles containing gallium, one must search not only in
Sintox particles (Ti, Zn) but to check also between the parti-
cles classiﬁed as copper and brass, which are normally not
taken into account. The next complication is that particles
containing gallium are never classiﬁed as gallium because of
its low intensity in EDAX spectrum.
After ten shootings with PEP II ammunition, the positive
results for Ti, Zn and Cu, Ga particles were obtained
(Table 1). In case of this ammunition, one can dispute, if
the particles consisting of only copper and gallium can be
considered as sufﬁciently characteristic for GSR or not. The
main argument against it is they do not contain the elementsfrom the primer composition. Thus, they do not correspond
exactly with the composition of GSR from the case and bar-
rel. But, the comparison of GSR on shooter’s hands with the
GSR originated from the case and from the barrel of the
ﬁrearm relevant to the criminal act is an important step in
the investigation and evaluation of the GSR presence on
shooter’s hands.
As regards the results for Action 4, almost all the GSR par-
ticles found on the shooter’s hands after one and ten shootings
contained particles corresponding to the Sintox primer com-
position – Ti, Zn together with gadolinium and the results were
in both cases (1 and 10 shootings, respectively) very positive
(more than 30 particles) (Table 1).
3.2.1. GSR analysis of the hit pieces of clothing (short and long
distance)
When a ﬁred bullet hits the clothing, different damages
depending mainly on its energy and the shooting distance
can be observed. In the surroundings of the hole or damage,
the residues from the shooting will also be deposited. The
standard chemical and ballistic examination of hit clothing
includes the ﬁring range determination as well as detection
and comparison of gunshot residues.7
In the current study, the attention was focused also on the
detectionofGSRcontaining themarking substances on clothing
hit from short (10 cm) and long distance (25 m) of shooting.
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were obtained especially for PEP II ammunition. Around
the hole caused from the short distance, GSR containing Ti,
Zn and Ga elements were detected. However, these particles
were not observed around the hole caused from the long dis-
tance shooting, neither on the shooter’s hands, cases nor bar-
rels of the ﬁrearms. This fact can be explained by the presence
of unburned gunshot powder in the surroundings of the hole.
As it was mentioned above, the gunshot powder from PEP II
ammunition contains the particles of Ga, Cu and Sn which are
visible in electron microscopy. At the short distance (weapon-
to-clothing), the GSR particles from the primer composition as
well as from the gunshot powder will be present altogether. In
case that those much smaller GSR particles are posi-
tioned/deposited on the grains of gunshot powder very close
to the particles of Ga, Cu and Sn, the Sintox particles con-
taining gallium also can be incorrectly searched and classiﬁed
by the automatic GSR analysis, as it was conﬁrmed by
SEM/EDX.
For Action 4 ammunition, again the unambiguous, positive
results for Ti, Zn, Gd GSR particles for both the short and
long distances of hit clothing were found.
3.2.2. Firing range estimation
Because of bullet construction of both types of ammunition
under the study, only the presence of copper and zinc can be
expected on the hit clothing arising from the bullet, case and
from the primer composition (zinc). However, in the case of
marked ammunition, also the presence of gadolinium and/or
gallium (markers), or other components of primer can be
presupposed.
To the best of our knowledge, the visualization of gadolin-
ium, gallium and titanium by means of chemography was not
described in the literature yet. In the current study, the deter-
mination of copper and zinc by chemographic methods was
performed on ammunition marked with gallium and gadolin-
ium, respectively. The ﬁring range determination was per-
formed by a standard procedure.8
The bullets were ﬁred from various distances (0 cm, 5 cm,
10 cm, 30 cm, 50 cm and 100 cm) against the pieces of cotton
fabric.
Zinc was visualized by means of reaction with zincon
reagent assay, based on blue-colored complex formation.5
However, besides zinc, also copper can react with zincon
giving the complex of the same blue color. The ﬁring range
determination by means of zinc visualization with zincon for
PEP II ammunition is depicted in Fig. 4. Very similar results
were obtained also for Action 4 ammunition.
Copper itself was visualized by means of rubeanic acid
assay, in which the dark-green precipitate of copper rubeanate
is formed.4 Fig. 5 depicts the ﬁring range determination via
copper visualization for PEP II ammunition. Practically iden-
tical conclusion can be done on Action 4 (data not presented).
According to the obtained results, a more convenient, effec-
tive and sufﬁcient method for ﬁring range determination seems
to be copper visualization with rubeanic acid assay.4. Conclusion
Detailed GSR analysis proved that the addition of marking
substance directly to the primer composition seems to be the
better choice for the production of special marked ammunition
for forensic purposes. In this case, GSR with marking sub-
stances (gadolinium) can be easily searched and identiﬁed
and the residues are formed in the same elemental composition
for both the known (case and barrel) and questioned source
samples (SEM stubs from shooter’s hands, clothing, etc.).
On the other hand, the marking substance in gunshot pow-
der (gallium) leads to ambiguous results regarding the GSR
composition, identiﬁcation and positivity declaration.
For the purposes of ﬁring range determination in the case
of marked ammunition Sintox, the sufﬁcient method is
copper visualization using precipitation reaction with rubeanic
acid.
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